(19) 



(12) 


Europdisches Patentamt 
European Patent Office 
Office ur p6en des brevets 


(45) Date of publication and mention 
of the grant of the patent: 
06.11.1996 Bulletin 1996/45 

(21) Application number: 91114266.9 

(22) Date of filing: 26.08.1 991 


(11) EP 0 492 056 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int. Cl.^: A61L 2/24, A61L2/06 


(54) Air bleeding apparatus and method for an autoclave 

Entluftungsvorrichtung und Verfahren fQr einen AutoWaven 
Purgeur d'air et proc6d6 pour un autoclave 


QQ 

m 
o 

CM 

o 

a. 

LU 


(84) Designated Contracting States: 
DE FRGBITSE 

(30) Priority: 20.12.1990 US 631134 

(43) Dateof publication of application: 
01.07.1992 Bulletin 1992/27 

(73) Proprietor: SIEMENS AKTIENGES ELLSCH AFT 
80333 Munciien (DE) 


(72) Inventors: 

• Harrell, Durohnle Lee 
Charlotte, NC 28226 (US) 

• Mu, Ye 

Charlotte, NC 28226 (US) 

(56) References cited: 
EP-A- 0 028 542 


WO-A-88/06458 


Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

Primed by Rank Xerox (UK) Business Services 
2.138/34 


1 


EP 0 492 056 B1 


2 


Description 

1 . Field of the Invention 

The present invention relates to an apparatus and 
method for bleeding air from the steam chamber of an 
autoclave, and more particularly to a microprocessor 
controlled air bleed apparatus and method which moni- 
tors the steam condition in the autoclave and performs 
controlled air evacuation according to the monitored val- 
ues. 

2. DesCTiption of the Prior Art 

Steam at a temperature range of 120 to 135 
degrees Celsius is generally required for effective steri- 
lization and these temperature values are employed in 
an autoclave. There are numerous autoclave designs in 
the prior art. Each design must provide a means of 
introducing the objects to be sterilized into a steam 
pressure chamber, a means for resealing the chamber 
with the objects therein, and a means for introducing 
steam into the chamber at a desired temperature, pres- 
sure and for a duration of time to enable sterilization. 
Most autoclaves have a common operational require- 
ment, namely, that air which has been inadvertently 
introduced into the steam chamber during the loading of 
the objects to be sterilized must be removed from the 
chamber. Air witiiin an autoclave chamber acts as an 
insulator, insulating the occupied volume from the heat 
of the steam, rendering sterilization more difficult. It is 
therefore advantageous to have the maximum concen- 
tration of steam, "saturated steam", within the chamber 
with the minimum concentration of air. It is also desira- 
ble to remove the air from tiie chamber as quickly as 
possible to speed up the sterilization process and to 
promote an efficient use of heat energy The operation 
of an autoclave involves a set of characteristic proce- 
dures, viz., loading tfie steam chamber with the objects 
to be sterilized, pre-conditioning tiie chamber by remov- 
ing air from the load and the chamber, providing satu- 
rated steam in the chamber, and sterilizing the load by 
maintaining the presence of saturated steam at a given 
temperature and pressure for a given period of time. In 
addition, the autoclave must be depressurized by the 
venting of steam after the sterilization is complete and 
prior to unloading, and frequently a drying stage is 
required to remove condensation from the load. The 
focus of the present invention, however, is the apparatus 
and method for tiie removal of air from tfie chamber, i.e., 
in the pre-conditioning stage, and the creation of a sat- 
urated steam environment in the chamber. There are 
essentially tfiree basic methods for removing air from 
the chamber, i.e., (1) by evacuating the air from the 
chamber prior to introducing the steam charge • the 
"pre-vacuum metiiod"; (2) by admitting steam into the 
chamber and, relying on the relative heaviness of the 
air. allowing a separation and stratification of the air and 
steam in the chamber to occur, the air assuming the 


lower position, then draining the lower air layer from the 
chamber - the "downward or gravity displacement" 
method; and (3) by repeated discharges of mixed steam 
and air to gradually reduce the concentration of air, fol- 

5 lowed by repressurization - the "pulse" method. In U.S. 
Patent No. 3,481.692 entitied ARRANGEMENT FOR A 
STEAM-HEATED AUTOCLAVE, issued December 2. 
1969 to Under, a pressure sensor detecting a pressure 
below a preset minimum activates the generation of 

70 steam that is introduced into an autoclave steam cham- 
ber. The chamber is vented through a selector valve 
which remains open when air is passing through it but 
doses when steam passes through the valve. Steam is 
continually fed to the chamber even after the selector 

15 valve is closed, leading to a rapid build-up of pressure. 
The pressure is allowed to txjild until reaching a preset 
maximum value, as sensed by the pressure sensor, at 
which point steam supply is curtailed. Although it is not 
perfectiy clear from Under, apparentiy, the steam 

20 charge and the air in the chamber stratrfy The cooler air 
sinks to the bottom of the chamber where the vent con- 
duit communicates with the chamber. In addition. Under 
teaches that the selector valve should be cooled thus 
leading to an opening of the valve in the absence of a 

25 continual supply of steam. Thus, the stratified air is dis- 
charged out the vent conduit at the bottom of the cham- 
ber and through the selector valve. The decrease in 
pressure initiates another cycle of steam generation. 
This cyclic build-up and discharge is repeated until a 

30 maximum temperature is sensed by a thermostat 
located in the discharge conduit proximate the bottom of 
the chamber. When tiiis occurs it is assumed that alt the 
air is removed. The thermostat then controls the inter- 
mittent supply of steam to maintain the maximum tem- 

35 perature for a preset sterilization period as determined 
by the setting of a timer. Linder assumes tiiat the 
entrapped air will be positioned near the thermostat and 
tiiat the thermostat will not reach the maximum value 
until all air is removed from ttie chamber. Under there- 
to fore employs a hybrid gravitational and pulse method. 
Depending upon the load, however, air may be trapped 
in or around the load thereby insulating the load. Even 
tiiough the area near the thermostat indicates a temper- 
ature indicative of saturated steam, pockets of air may 

45 still remain in tiie chamber. Further, the cycling of the 
steam supply on to remove additional air depends upon 
the sensing and venting of air by the selector valve. 

U.S. Patent No. 3,494,725 entitled PULSING 
PROCESS OF STERILIZATION, issued February 10. 

50 1970 to Irons, is illusti'ative of a pure pulse method, in 
that, a chamber is loaded, sealed and steam admitted to 
the chamber under pressure. At predetermined timed 
intervals ttie steam and air mixture in the chamber is 
vented to the atmosphere, until a set minimum pressure 

55 is realized. At tiie predetermined minimum pressure 
point, the vent is closed and the chamber repressurized 
with steam. The pressurization, venting and repressuri- 
zation is repeated until a predetermined tenrtperature is 
reached within the chamber signalling tiie presence of 
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saturated steam within the chamber. Once the signal 
temperature is reached, sterilization commences. As 
with the previously discussed designs, there is no 
assurance that monitoring the temperature at the loca- 
tion of the sensor indicates a complete absence of air 
throughout the chamber. In addition, the preset timed 
intervals of venting are not necessarily maximally effi- 
cient for each load. For example, for a load having a 
minimal amount of air, venting a smaller volume of 
steam/air during the pre-conditioning phase may be 
appropriate, whereas, for a load having a larger volume 
of air, or air positioned in pockets, a greater quantity 
may be required to be vented. The preset intervals of 
venting must assume worse case conditions. arxJ there- 
for are wasteful with respect to efficient operation for 
less than worse case loads. 

U.S. Patent No. 4.759.909 entitled METHODS AND 
APPARATUS FOR STEAM STERILIZATION, issued 
July 26, 1988 to Joslyn. relates to a hybrid pulse and 
gravity air removal method utilizing an air sensor in a 
vent line to sense when an environment of saturated 
steam is realized in the pressure chamber of an auto- 
clave. Joslyn further incorporates a load temperature 
sensor, as well as, a chamber temperature sensor. 
Steam is admitted under pressure to the steam cham- 
ber until a preset maximum pressure is reached; the 
chamber is then vented through a drain conduit to the 
atnrasphere. This infusion/venting or "pulsing" process 
is continued until either the load temperature sensor 
reading and the chamber temperature sensor readings 
converge, indicating that the load is saturated by steam, 
i.e.. no layer of air insulates the load, or the air sensor in 
the vent line indicates that little or no air remains in the 
vent gases. While it would appear that a load tempera- 
ture sensor remedies the problem of discounting pock- 
ets of air around the load, the sensor can only rrxjnitor 
one particular area of the load. While the temperature 
sensing of a two sensor system is better at determining 
the system temperature throughout the chamber, there 
are nwre than two locations in the chamber and there- 
fore there is a good chance that air renrraining in the 
chamber will be undetected. 

In U.S. Patent No. 4,865,814 entitled AUTOMATIC 
STERILIZER, issued September 12, 1989 to Childress, 
and assigned to the assignee herein, a temperature 
sensitive bellows valve is in continuous contact with the 
contents of a steam chamber in which steam is aeated 
by means of an Internal water heater. As well known, 
the bellows valve intermittently operates in response to 
temperature to vent the chamber. Childress also incor- 
porates a high flow rate exhaust dump line controlled by 
a solenoid operated valve. The high ftow dump line is 
opened when water is admitted to the steam chamber 
and into contact with the water heater to provide a pres- 
sure relief for the resultant rapid expansion of steam 
when incoming water contacts the heater. In the Chil- 
dress device, intermittent venting occurs continuously 
during pre-conditioning and sterilization by means of 
the bellows valve. The bellows is temperature sensitive 


only at the tip, which, when the bellows is expanded and 
sealing the pressure chamber, is not exposed to the hot 
interior contents of the chamber. Rather, the tempera- 
ture sensitive bellows tip is exposed only to the ambient 

5 temperature outside the chamber when the bellows 
valve is closed. Exposure to ambient air permits the tip 
to cool and the valve to open releasing a further quantity 
of steam from the chamber. As the steam passes over 
the bellows tip, it heats the tip. causing the valve to 

10 close. The orifice size of the bellows valve must be such 
that the rate of steam generation must greatly exceed 
the rate at which steam/air is vented when the valve is 
open, otherwise pressure would never build in the 
chamber and the steam passing over the tip would not 

15 be adequate to close the valve. Therefore, only small 
quantities of steam/air are expelled during each cyde of 
bellows valve opening/closing. This mode of operation 
is particularly effective when the load contains only 
small pockets of air. but when more sizeable quantities 

20 of air must be expelled from the load, the process con- 
sumes what can be considered excessive time and 
energy. 

In U.S. Patent No. 4,372.916 to Chamberlain, and 
corresponding EP-A-0 028 542, a valve is controlled in 

25 response to conditions solely within the chamber. 
Importantly, only a single temperature/pressure pair 
from the steam tables is utilized, for example, the pair of 
230*F and 21 psi. In one mode of operation. Chamber- 
lain injects steam until a temperature of 230' is reached 

30 artd this temperature is nrraintained constant while pres- 
sure measurements are taken. If pressure differs from 
21 psi. air necessarily remains in the system and the 
valve remains open. When the pressure reaches 21 psi 
all air has been purged and the valve is closed. 

35 Alternatively, steam may t>e injected until the pres- 
sure reaches 21 psi and temperature is measured 
thereafter until it reaches 230*. What is important is that 
only a single pair of numbers corresponding to temper- 
ature and pressure from the steam tables is used, for 

40 example, the pair 230* and 21 psi. 

In the Chamberlain system, therefore, there can be 
no indication that air has been purged t>efore the tem- 
perature reaches the preselected value such as, for 
example. 230*. If, in fact, all air had been purged at, for 

45 example 215*, Chamberlain's system would not know it 
and the venting valve would remain open thereby wast- 
ing energy and, more importantly, time thereby delaying 
the onset of the sterilizing operation which comes after 
the preconditioning portion. 

50 It is therefore an object of the present invention to 
provide a reliable means for rapidly and efficiently 
removing air from an autoclave as soon as possible in 
the pre-conditioning stage, irrespective of the amount of 
air entrained with the load. 

55 It is a further object to provide a reliable means for 
ascertaining the degree of saturation of steam in an 
autoclave during the pre-conditioning stage. 
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SUMMARY OF THE INVENTION 

The problems and disadvantages associated with 
the conventional techniques and devices utilized to 
renrwe air fronn the pressure chamber of an autoclave 
are overcome by the present invention which includes a 
sterilization chamber for receiving items to be sterilized. 
The chamber is sealed and the pressure and tempera- 
ture therein are nx)nitored by appropriate sensors. 
Steam for sterilizing items is generated in the chamber 
by a heater coupled to he chamber for converting wafer 
into steam. Air is removed from the chamber through a 
vent coupled to the chamber and a selectively activated 
valve coupled to the vent for opening and closing the 
vent. A digital controller controls the selectively acti- 
vated valve. The controller receives the monitored tem- 
perature and pressure of the chamber as inputs, 
conpares these empirical values with standard values 
and, on the basis of the comparison, generates a con- 
trol signal to selectively open or close the valve. 

Many pair values from the steam tables are stored 
in memory, for example, pairs from 212* upward. Fur- 
ther, measurements of pressure and temperature within 
the chamber are continuously monitored and upon the 
first match of a measured pair of temperature and pres- 
sure with a stored pair of temperature and pressure 
from the steam tables, the venting valve is closed and 
remains closed because all air has been purged. Thus, 
instead of waiting until an arbitrary, preselected temper- 
ature or pressure is achieved, which point may be well 
after all air has been purged, the apparatus of the 
present invention will detect a state of complete air 
evacuation and immediately close the valve thereby 
shortening (and ending) the preconditioning or purging 
section of the sterilizing cycle. 

BRIEF DESCRIPTION OF THE FIGURES 

The sole figure in block form depicts an autoclave 
system in accordance with an exemplary embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE FIGURES 

FIG. 1 shows a sterilizing pressure chamber 10 
having a door 12 operated by a handle 14 for gaining 
access to the interior of the chamber 10 to place items 
to be sterilized therein. The chamber 10 is associated 
with a heater 16. which heater is supplied power by 
means of a power supply 18 under the control of a 
microcontroller or microprocessor module 20. The 
microprocessor module 20 includes or is associated 
with a clock 22. Clock 22. in cooperation with the micro- 
processor 20, controls the anx>unt of water directed to 
the pressure chamber 10 by controlling the duration of 
opening of a fill valve 24. The microprocessor 20 is also 
associated with a user interface 26. The user interface 
26 may consist of an LED or LCD display together with 
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an input keypad to enable the user to set or select a par- 
ticular mode or program of operation. 

The fill valve 24 is coupled to an output port of a 
reservoir 28. The reservoir 28 contains a given amount 

5 of water which is supplied by means of a water supply 
30 through a water supply valve 32. The reservoir feeds 
water into the chamber 10 by means of gravity when the 
fill valve 24 is opened. The water entering the chamber 
10 may simply fall to the bottom of the chamber or be 

10 collected in a reservoir in the chamber, if such is pro- 
vided, but in either event, the water must be pooled 
proximate the heater 16. The sterilization chamber 10 
has vent orifice 34 preferatrfy disposed towards the bot- 
tom of the chamber 10 which is coupled to a solenoid 

15 controlled vent valve 36, optionally, via a vent conduit 
38. The microprocessor module 20 controls the opera- 
tion of the solenoid ard the state of the vent valve 36 as 
shall be described at length below. The output of the 
vent valve 36 is coupled to an output vent conduit 40 

20 which empties into the reservoir 28. The reservoir 28 is 
vented to the atmosphere by vent 41 and thus com- 
prises a pressure sink relative to the sealed chamber 
10. The venting passageway 40 may also include a coil 
(not shown) to condense steam in the passageway into 

25 water for return to the reservoir 28. 

A pressure sensor 42. and a temperature sensor 44 
are positioned within the chamber 10 to monitor the 
conditions therein. The respective pressure and tem- 
perature outputs are directed to a suitable analog to dlg- 

30 ital processing nrxxlule 46 for converting the analog 
outputs of the sensors into digital signals which are 
received by the microprocessor 20. 

In operation, the user selects, by entry of appropri- 
ate codes at the interface 26, an operating mode for the 

35 sterilizer as, for example, a preset time/tempera- 
ture/pressure cycle for sterilizing a particular type and 
quantity of items which are placed inside the steriliza- 
tion chamber 10. This information is directed to the 
microprocessor 20 which supplies the operating signals 

40 to implement the operation specified by the user. In the 
embodiment depicted, the system must first be supplied 
with a suitable quantity of water. This process is prefer- 
ably performed in accordance with the process and by 
the apparatus described at length in Application Serial 

45 No. 07/590,270. filed September 28. 1990 and entitled 
APPARATUS AND METHODS FOR DISPENSING 
WATER TO A STERILIZING CHAMBER OF AN AUTO- 
CLAVE, by Duronnie Lee Harrell and Ye Mu, the appli- 
cants herein, and assigned to the assignee herein, 

50 which said application is copending with the present 
application. 

Assuming that a suitable quantity of water is sup- 
plied to the pressure chamber, the pre-conditioning of 
the chamber, i.e.. the establishment of an internal envi- 
55 ronment of saturated steam can then be started. The 
chamber 1 0 is first sealed. The solenoid controlled vent 
valve 36 is then opened, and the heater 16 turned on. 
Steam generation begins and the temperature and 
pressure signals from the sensors 42 and 44 are moni- 
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tored. When the temperature inside the chamber 
reaches 98 degrees Centigrade, the solenoid controlled 
vent valve 36 is closed by a control signal from the 
microprocessor 20. The valve 36 remains dosed until 
the temperature reaches 100 degrees Centigrade. At 
this time, the empirical temperature and pressure meas- 
urements from the chamber 10 are compared to the 
ideal saturated steam curve. The saturated steam curve 
is well known and available in many texts. The proper 
coordinates at given temperature and pressure intervals 
are stored as coordinates in a memory (not specifically 
shown) which memory may be part of the microproces- 
sor 20 or external thereto. If the measured value pair 
can be matched to a pair of coordinates on the ideal 
curve within some acceptable range of tolerance, then 
the valve 36 remains closed. If the measurements do 
not indicate that saturated steam is present in the cham- 
ber 10, then the valve 36 is opened for 4 seconds, rap- 
idly exhausting steanVair, then another measurement is 
taken. If this new measurement indicates a match, the 
valve 36 is closed, if not a match, the valve 36 remains 
open and the measurement is repeated 4 seconds later. 
This continues, with the valve opening or closing in 
response to each measurement, until the sensed tem- 
perature reaches 106 degrees Centigrade, at which 
time, the time interval between comparisons of the 
measured data to the stored ideal curve is shortened to 
2 seconds and the opening or closing of the valve 36 
depends upon the finding of a match, as before. Thus, 
saturated steam parameters are periodically checked 
between the temperatures of 100 to 1 1 1 degrees Centi- 
grade. After 1 1 1 degrees Centigrade, when the read- 
ings consistently conform to those of saturated steam 
the valve 36 is closed, the pre-conditioning stage is 
complete and the sterilization stage can be started. This 
pre-conditioning method shortens the time required to 
obtain saturated steam within the chamber 10 and is 
particularly useful in cases where chamber loads have 
large air pockets. These benefits are realized in part by 
employing a larger size for vent orifice 34 than utilized in 
the air bellows of the previous apparatus. For example, 
vent orifice 34 should be at least twice as large as the 
orifice size in the typical prior art mechanical air bel- 
lows. The larger vent orifice 34 allows the unit to period- 
ically rapidly exhaust air from the chamber and can 
achieve saturated steam conditions before the tempera- 
ture gets close to the values required for sterilization, 
i.e., 121 to 132 degrees Centigrade. 

An important advantage realized by the present 
invention is that the presence or absence of air during 
preconditioning within the chamber 10 can be deter- 
mined reliably This increased reliability is due to the 
simurtaneous measurement of temperature and pres- 
sure and the comparison of this pair of values to the set 
of possible pairs comprising the coordinates making up 
the saturated steam curve. If the empirical pair cannot 
be found on the ideal curve within an acceptable degree 
of precision, then the chamber 10 does not contain sat- 
urated steam. Thus, even if a pocket of air is located in 


the chamber 10 beyond the sensory range of the tem- 
perature sensor 44, its presence will affect the pressure 
within the chamber 10 such that the pressure reading 
will not conform to the expected pressure of saturated 
5 steam at the temperature sensed by the tenperature 
sensor 44. 

Although any conventional sterilization and drying 
methods can be employed after the novel pre-condition- 
ing procedure described above is completed, in the pre- 

10 f erred embodiment, the operation of the sterilization and 
drying cydes of the sterilizer are as described in U.S. 
Patent 4.865.814 entitled AUTOMATIC STERILIZER 
and issued September 12, 1989 to Bobby B. Childress 
and assigned to the same assignee as the present 

15 invention, and which is incorporated herein by refer- 
ence. 

Thus there has been shown and described a novel 
method and apparatus for creating a condition of satu- 
rated steam in the pressure chamber of an autoclave or. 

20 as this process is commonly termed in the art, "pre-con- 
ditioning" the chamber. Since the present invention 
accomplishes this pre-conditioning more quickly and 
efficiently than prior devices and processes, and 
insures that the process has been accomplished by 

25 sensing on a pair of values which together can not 
falsely indicate that the saturated steam condition exists 
when it does not, the invention fulfills the objects and 
advantages sought. 

It should be understood that the embodiments 

30 described herein are merely exemplary and that a per- 
son skilled in the art may make many variations and 
modifications without departing from the spirit and 
scope of the invention as defined in the appended 
daims. For example, although in the described embodi- 

35 ment the valve is continuously held open during the time 
periods when it is determined that venting should occur, 
it may be desirable to operate the venting valve in a 
"pulse" manner, with a short intermittent closing during 
a time period when venting is supposed to occur. e.g.. in 

40 order to avoid a "sticking" of the valve into an open or 
dosed position. Furthermore, a vent valve may momen- 
tarily close at the end of a pressure/temperature meas- 
urement, and then be controlled to open or remain 
dosed in response to the next sensed pressure/temper- 

45 ature. These and other modifications and variations are 
considered to be within the scope of the claims which 
follow. 

Claims 

50 

1 . A sterilizing apparatus comprising: 

a sterilization chamber for receiving items to 
be sterilized; 

means coupled to said chamber for convert- 
55 ing a fluid inside said chamber to sterilize said items 
during a sterilization cycle; 

means for monitoring temperature wittiin 
said chamber; 

means for monitoring pressure within said 
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chamber; 

a veni coupled to said chamber; 

a selectively activated valve coupled to said 
verrt for opening and closing said vent during a pre- 
corditioning cycle before the start of said steriliza- 
tion cycle, said vent enabling gases within said 
chamber to exit said chamber via said vent when 
said valve is open; and 

digital control means, including a memory 
having stored therein a plurality of different pres- 
sure and temperature values representative of a 
curve of related pressure and tenperature values, 
for controlling said selectively activated valve during 
said preconditioning cycle, said control means 
receiving said monitored temperature and pressure 
as pairs of inputs and periodically comparing said 
pairs of inputs with said pressure and temperature 
values stored in said memory artd on the basis of 
the comparison generating a control signal to selec- 
tively open or close said valve until one of said pairs 
of inputs first matches any one of said pairs of said 
pressure and temperature values stored in said 
memory, whereupon said valve remains closed and 
ending said preconditioning cycle. 

2. The apparatus of Claim 1, wherein said standard 
values are coordinates along the standard temper- 
ature^ressure curve for saturated vapor of said 
fluid. 

3. The apparatus of Claim 2. wherein said vent has a 
flow capacity therethrough when said selectively 
activated valve is open such that a greater volume 
of vapor can pass through said vent than can be 
formed by said converting means for any given 
period of time, 

4. The apparatus of Claim 1, wherein said control 
means receives said monitored temperature and 
pressure as inputs in a periodic manner. 

5. The apparatus of Claim 4. wherein the time period 
between successive inputs of said monitored tem- 
perature and pressure to said digital control means 
is initially a preset time duration, and as said moni- 
tored tenoperature within said chamber increases 
from an initial value, said time period between suc- 
cessive Inputs of said monitored temperature and 
pressure Is decreased from said preset time dura- 
tion. 

6. The apparatus of Claim 4, wherein said vent Is cou- 
pled to said chamber proximate a lower portion of 
said chamber such that said vent is a drain. 

7. A method for operating a sterilizing apparatus so as 
to remove air from the pressure chamber of (an 
autoclave) the apparatus, comprising: 
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(a) sealing said chamber; 

(b) monitoring the tenperature and pressure 
within said chamber; 

(c) generating a sterilizing vapor in said cham- 
5 ber; 

(d) successively evaluating whether the tem- 
perature and pressure within said chamber 
conform to a temperature/pressure combina- 
tion representative of a saturated state of said 

10 vapor; and 

(e) controlling the venting of said chamber con- 
tents to a pressure sink in response to said 
successive evaluations, wherein said chamber 
is vented if said temperature and pressure do 

15 not indicate a saturated state of said vapor, and 

said chamber is not vented if a saturated state 
of said vapor is indicated. 

8. The method of Claim 7, including the further step of 
20 (f) repeating steps (b) through (e) until a saturated 

state of said vapor is indicated by said temperature 
and pressure for a given time interval. 

9. The method of Claim 7, wherein a predetermined 
25 time period Is set between each successive evalua- 
tion of step (d), said predetermined time period 
being incrementally shortened after the tempera- 
ture of the chanrtber increases past a first predeter- 
mined temperature. 

30 

10. TTie method of claim 9, wherein said step of control- 
ling the venting is not conducted until a predeter- 
mined minimum temperature is sensed during said 
step of nrK>nitoring said temperature, the perform- 

35 ance of step (e) occuring after sensing of said min- 
imum temperature. 

Patentanspruche 

40 1. Sterilisierungsvonrichtung, umfassend: 

eine Sterllislerungskammer fur die Auf- 
nahme zu sterilisierender Gegenstdnde; 

mit der Kammer verbundene Mittel zur 
Umwandlung eines Fluids Innerhalb der Kammer, 
45 um die Gegenstdnde wdhrertd eines Sterllisie- 
rungszyklus zu sterilisieren; 

Mittel zur Ubenvachung der Temperatur 
innerhalb der Kammer; 

Mittel zur Uberwachung des Drucks inner- 
50 halb der Kammer; 

eine mit der Kammer verbundene Entluf- 

tung; 

ein mit der Entluftung verbundenes wahl- 
weise betatigtes Ventil. um die Entluftung wahrend 
55 eines VorkondrtionierungszyMus vor dem Beginn 
des Sterilisierungszyktus zu Offnen und zu schlie- 
fBen, wobei die Entluftung es innerhalb der Kammer 
vorhandenen Gasen ermOgticht, uber die Entliif- 
tung aus der Kammer auszutreten, wenn das Ventil 
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geCffnet ist; und 

ein Digital reglermittel mit einem Speicher, In 
dem mehrere unterschiedliche Druck- und Tempe- 
ratunverte gespeichert werden. die eine Kurve aus 
entsprechenden Druck- und Temperaturwerten 5 
reprSsentieren, um das wahlweise betatigte Ventil 
wahrend des Vorkonditionierungszyklus zu regeln. 
wobei die uberwachte Temperatur und der uber- 
wachte Druck dem Reglermittel als Eingabepaare 
zugeleitet werden und das Reglermittel die Einga- w 
bepaare mit den in dem Speicher gespeicherten 
Druck- und Temperaturwerten regelma3ig ver- 
glelcht und auf der Grurtdlage des Vergleichs ein 
Steuersignal erzeugt, um das Ventil wahlweise zu 
Offnen oder zu schlieRen. bis es zu einer ersten 15 
Ubereinstimmung zwischen einem der Eingabe- 
paare und irgendeinem der in dem Speicher 
gespeicherten Druck- und Temperatunwertepaare 
kommt, waauf das Ventil geschlossen bleibt und 
der Vorkonditionierungszyklus beendet wird. 20 

2. Vorrichtung nach Anspruch 1 , bei dem es sich bei 
den Standardwerten um Koordinaten auf der Stan- 
dardtemperatur/Druckkurve fOr aus dem Fluid 
bestehenden Sattdampf handelt. 25 

3. Vorrichtung nach Anspruch 2, bei dem die Entluf- 
tung Qber eine solche DurchstrOmungskapazitat 
verfugt. daS, wenn das wahlweise betatigte Ventil 
geOffnet ist. ein grOBeres Dampfvolumen, das mrt so 
Hilfe der Umwandlungsmittel uber eine gegebene 
Zeitdauer gebildet werden kann, durch die Entluf- 
tung strOmen kann. 

4. Vorrichtung nach Anspruch 1, bei dem die uber- 35 
wachte Temperatur und der uberwachte Druck dem 
Reglermittel regelma3ig als Eingaben zugeleitet 
werden. 

5. Vorrichtung nach Anspruch 4. bei dem es sich bei 40 
der Zeitdauer zwischen aufeinanderfolgenden Ein- 
gaben der ubenwachten Tenrperatur und des uber- 
wachten Drucks, die dem Reglermittel zugeleitet 
werden, zunachst um eine vorbestimmte Zeitdauer 
handelt und wobei, wenn die uberwachte Tempera- 4S 
tur innerhalb der Kammer von einem Anfangswert 
aus zunimmt, die Zeitdauer zwischen aufeinander- 
folgenden Eingaben der ubenwachten Tenrperatur 
und des uberwachten Drucks gegenuber der vorbe- 
stimmten Zeitdauer verkurzt wird. so 

6. Vorrichtung nach Anspruch 4, bei dem die Entluf- 
tung in der Nahe eines unteren Abschnitts der 
Kammer so mit der Kammer verbunden ist, da B die 
Entluftung als AblaB dienen kann. ss 

7. Verfahren fur den Betrieb einer Sterilisierungsvor- 
richtung, um Luft aus der Druckkammer der Vor- 
richtung (AutoWav) zu entfernen, umfassend: 
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(a) Abdichten der Kammer; 

(b) Oberwachung der Temperatur und des 
Drucks Innerhalb der Kammer; 

(c) Erzeugen eines sterilisierenden Dampfes in 
der Kammer; 

(d) Aufeinanderfolgende Bewertung, ob die 
Temperatur und der Druck innerhalb der Kam- 
mer einer Temperatur/Druck-Kombination ent- 
sprechen. die einen Sattigungszustarxi des 
Dampfes reprasentiert; und 

(e) Regelung der Entluftung des Kammerin- 
halts zu einem DruckablaB in Reaktion auf die 
aufeinanderfolgenden Bewertungen. wobei die 
Kammer entluftet wird, wenn die Temperatur 
und der Druck keinen Sattlgungszustand des 
Dampfes anzeigen, und die Kammer nicht ent- 
luftet wird, wenn ein Sattigungszustarxl des 
Dampfes angezeigt wird. 

8. Verfahren nach Anspruch 7, bei dem das Verfahren 
den weiteren Schritt (f) des Wiederhdens der 
Schritte (b) bis einschlieBlich (e) beinhaltet, bis von 
der Temperatur und dem Druck fur ein gegebenes 
Zeitintervalt ein Sattigungszustand des Dampfes 
angezeigt wird. 

9. Verfahren nach Anspruch 7, bei dem eine vorbe- 
stimmte Zeitdauer zwischen jeder aufeinanderfol- 
genden Bewertung des Schrittes (d) festgelegt ist, 
wobei die vorbestimmte Zeitdauer stufenweise ver- 
kurzt wird, nachdem die Temperatur der Kammer 
uber eine erste vorbestimmte Temperatur hinaus 
zugenommen hat. 

1 0. Verfahren nach Anspruch 9, bei dem der Schritt des 
Regelns der Entluftung erst durchgefuhrt wird, 
wenn eine vorbestimnrrte Mindesttemperatur wah- 
rend des Schrittes der Oberwachung der Tempera- 
tur abgefuhtt wird, wobei die Durchfuhrung des 
Schrittes (e) nach dem Abfuhlen der Mindesttem- 
peratur erfolgt. 

Revendlcatlons 

1 . Dispositif de sterilisation comprenant : 

une chambre de sterilisation pour la reception 
d'objets a steriliser ; 

des moyens couples a la chambre pour transformer 
un f luide a I'interieur de la chambre af in de steriliser 
les objets pendant un cycle de sterilisation ; 
des moyens de contrOle de ta temperature a I'inte- 
rieur de la chambre ; 

des moyens de contr6le de la pression a I'interieur 

de la chambre ; 

un event couple a la chambre ; 

une valve activee seiectivement. coupiee a revent 

el destinee a ouvrir et fermer revent pendant un 

cycle de pre-conditionnement avant le debut du 

cycle de sterilisation, revent permettant a des gaz a 
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rint6rieur de la chambre de s'en 6chapper par 
r^vent lorsque cette valve est ouverte ; et 
des moyens de commande num6rlques. compre- 
nant une m^moire dans laquetle est m^moris^e 
une plurality de valeurs diff^rentes de pression et 5 
de temperature representatives d'une courbe de 
valeurs de pression et de temperature liees. de 
commande de la valve activ6e s6lectivement pen- 
dant le cycle de pr6conditionnement, lesdits 
moyens de contr6le recevant la pression et la tem- 70 
perature contrdiees en tant que paires d'entrees et 
comparant periodiquement ces paires d'entr6es 
auxdites valeurs de pression et de temperature 
m6moris6es dans la memoire et generant sur la 
base de la comparaison un signal de comn^nde 75 
pour ouvrir ou termer seiectivement la valve jusqu'^ 
ce que Tune des paires d'entrees s'adapte la pre- 
miere k I'une quelconque desdites paires de 
valeurs de pression et de temperature m6morisees 
dans la memoire. apres quoi la valve reste fermee 20 
et il est mis fin au cyde de preconditionnement. 

2. Dispositif suivant la revendication 1 , dans lequel les 
valeurs normal isees sont des coordonn6es le long 

de la court)e normal isee de temperature/pression 25 
de vapeur saturee du fluide. 

3. Dispositif suivant la revendication 2, dans lequel la 
capacite d'ecoulement dans revent est telle que 
lorsque la valve activee seiectivement est ouverte, 30 
un plus grand volume de vapeur peut traverser 
revent qu1l ne peut en §tre form6 par les nrayens 

de transformation pour une periode de temps don- 
nee quelconque. 

35 

4. Dispositif suivant la revertdication 1 , dans lequel les 
moyens de commande regoivent d'une maniere 
periodique la pression et la temperature contrOiee 
en tant qu'entrees. 

40 

5. Dispositif suivant la revendication 4. dans lequel la 
periode de temps entre des entrees successives de 
la pression et de la temperature contrdiee dans les 
moyens numeriques de commande est Initialement 
une duree predeterminee et cette periode de temps 45 
entre des entrees successives de temperature et 

de pression contrdiee est abaissee k partir de cette 
duree predeterminee au fur et k mesure que la tem- 
perature comr6iee k I'interieur de la chambre dimi- 
nue k partr d'une valeur initiale. so 

6. Dispositif suivant la revendication 4, dans lequel 
revent communique avec la chambre k proximite 
d'une partie inferieure de celle-ci de telle sorte que 
revent soit un drain. 55 

7. Precede pour faire fonctionner un dispositif de ste- 
rilisation de sorte k depiacer I'air de la chambre de 
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compression du dispositif (un autoclave), consis- 
tant k : 

(a) fermer la chambre ; 

(b) contrfiler la temperature et la pression 
regnant dans la chambre ; 

(c) generer une vapeur sterilisante dans la 
chambre ; 

(d) evaluer successivement si la temperature et 
la pression regnant dans la chambre sont con- 
formes k une combinaison temperature/pres- 
sion representative d'un etat sature de la 
vapeur ; et 

(e) commander la purge des contenus de la 
chambre vers un collecteur de pression en 
reponse aux evaluations successives. la cham- 
bre etant purgee si la temperature et la pres- 
sion n'indiquent pas un etat de vapeur saturee 
et la chambre n'etant pas purgee s'll est indi- 
que un etat de vapeur sature. 

8. Procede suivant la revendication 7, comprenant 
retape suppiementaire (f) consistant k repeter les 
etapes (b) k (e) jusqu'^ ce qu'un etat de vapeur 
saturee soit indique par la temperature et la pres- 
sion pendant un laps de temps donne. 

9. Procede suivant la revendication 7, dans lequel on 
regie une p6riode de temps predeterminee entre 
chaque evaluation successive de retape (d). cette 
periode de temps pr6d6terminee etant ecourt6e 
par increment apres que la temperature de la 
chambre est montee au-dessus d'une premiere 
temperature pr6determin6e. 

10. Precede suivant la revendication 9, dans lequel 
tadite etape de commande de la purge n'est pas 
mise en oeuvre jusqu'^ ce qu'une tenperature 
minimum predeterminee soit detectee durant 
retape de contrfile de cette temperature, la mise en 
oeuvre de retape (e) s'effectuant apres detection 
de ladite temperature minimum. 
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